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[s7 ABSTRACT

A current mirror compensation circuit is disclosed
herein which automatically adjusts the operating condi-
tions of a current mirror so as to compensate for the
voltage dependent current characteristics of a current
load which a current mirror output is intended to
match. In one embodiment, this compensation circuit
compares a voltage level at the output of a current
source with a voltage level at a corresponding node in
the current programming portion of a current mirror. If
a difference in these voltages is detected, the compensa-
tion circuit adjusts the current flow through the current
programming portion of the current mirror to be equal
to the output current through the current source.
Therefore, since the current mirror output portion mir-
rors the current through the programming position, the
currents through the output portion will match the
current through the current source.

8 Claims, 3 Drawing Sheets
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1
CURRENT MIRROR COMPENSATION CIRCUIT

FIELD OF THE INVENTION

This invention relates to current matching circuitry
and, in particular, to a circuit for improving the perfor-
mance of current matching circuitry.

BACKGROUND OF THE INVENTION

In an earlier patent application, Ser. No. 07/506,418,
now U.S. Pat. No. 5,063,343, entitled “Current Pump
Structure,” a current matching circuit is disclosed simi-
lar to that shown in FIG. 1. This circuit of FIG. 1 con-
sists of an output current source comprising transistor
Q1 and resistor R1, a current mirror output portion
comprising switchable transistors Q2 and Q3, and a
current mirror programming portion comprising the
circuitry within dashed-outline 12.

Basically, the current mirror of FIG. 1 operates to
generate the same current through current mirror out-
put transistors Q2 and Q3 (assuming diodes D1 and D2
are off) as is being generated through transistor QS5 by
providing a same gate-source voltage to each of transis-
tors Q2, Q3, and Q5. The current source comprising
transistor Q4 and resistor R4 is used to match the output
current source. In this way, ideally, the current supplied
to output terminal 10 through transistors Q1 and R1 will
be equal to the current sunk through either transistor
Q2 or transistor Q3. By controlling diodes D1 and D2
to conduct or not conduct, a plus current, a minus cur-
rent, or a zero current may be generated at output ter-
minal 10.

This current matching circuit of FIG. 1 operates
adequately for most purposes. However, for non-ideal
output current sources, the current supplied to output
terminal 10 will change as the voltage on terminal 10
increases. For example, when the depletion mode tran-
sistor Q1 is fabricated using Gallium Arsenide (GaAs)
technology, the current flow through transistor Q1 is
undesirably varied by a change in voltage at the source
of transistor Q1 due to a change in voltage on output
terminal 10. This effect on the current flow through
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transistor Q1 due to a change in voltage at the source of 45

transistor Q1 is called backgating. :

Backgating is a voltage related phenomena occurring
in GaAs devices, which is similar to the body effect
found in MOS devices. A negative bias on the substrate
with respect to the source depletes the channel under a
gate § further, such that a more positive potential is
required on the gate to invert the channel and turn the
device ON. The effect is a positive increase in the de-
vice threshold voltage Vrnecessary to the turn on the
device.

In the depletion mode transistor Q1 of FIG. 1, serv-
ing as a current source, the drain voltage is fixed, and
the gate and source nodes move with respect to ground
and the substrate (tied to ground). Therefore, when the
source voltage moves due to a change in voltage on
output terminal 10, the current outputted by transistor
Q1 will no longer match the current being sunk by
either transistor Q2 or Q3.

As another example, MOS designers would experi-
ence the same problem (called body effect) if they used
NMOS devices for VCC anchored current sources.

Thus, current source circuits (such as transistor Q1
and resistor R1) using GaAs or NMOS devices may
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2

undesirably produce an output current which varies
with a change in an output voltage.

What is needed is a compensation circuit for a current
mirror (such as the current mirror comprising transis-
tors Q2 and Q3) which causes the current mirror to
generate a current output which mirrors the voltage
dependent behavior of a current load (such as the cur-
rent source comprising transistor Q1 and resistor R1)
which the current mirror output is intended to match.

SUMMARY OF THE INVENTION

A current mirror compensation circuit is disclosed
herein which automatically adjusts the operating condi-
tions of a current mirror so as to compensate for the
voltage dependent current characteristics of a current
load which a current mirror output is intended to
match. In one embodiment, this compensation circuit
compares a voltage level at the output of a current
source (providing an output current to an output termi-
nal) with a voltage level at a corresponding node in the
current programming portion of a current mirror. If a
difference in these voltages is detected, the compensa-
tion circuit adjusts the current flow through the current
programming portion of the current mirror to be equal
to the output current through the current source.
Therefore, since the current mirror output portion mir-
rors the current through the programming portion, the
current through the current mirror output portion will
match the current through the current source.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a prior art circuit which suffers from
voltage dependent behavior of an output current load.

FIG. 2 illustrates one embodiment of the current
mirror compensation circuit connected in the circuit of
FIG. 1 to compensate for such voltage dependent be-
havior.

FIG. 3 illustrates a preferred embodiment of the com-
pensation circuit.

FIG. 4 illustrates other possible embodiments of an
output current load which may have voltage dependent
output current characteristics.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 2 shows one embodiment of the invention com-
prising differential amplifier 22 connected in the current
mirror circuit of FIG. 1 to compensate for the voltage
dependent behavior of the current source comprising
transistor Q1 and resistor R1, due to, for example, back-
gating effects. Without compensation, this voltage de-
pendent behavior could cause the current through tran-
sistor Q1 to not be identical to the current through
transistors Q2 or Q3 if the voltage at output terminal 20
(or node B) is not the same as the voltage at node A.
This is due to there being different operating conditions
for transistors Q1 and Q4, causing these two current
sources to generate unmatched currents.

Differential amplifier 22 effectively balances the volt-
ages at the gates of transistors Q4 and Q1 (nodes A and
B) by adjusting the voltage at node C until the current
through transistor QS causes the voltage at node A to
equal the voltage at node B. The voltage at the gate of
transistor Q1 (node B) may be held substantially .con-
stant during this compensation process by any appropri-
ate means, if necessary, such as by a filter 30. Thus, a
change in voltage applied to the gate of transistor Q2
will not immediately affect the voltage at node B.
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Differential amplifier 22 is merely representative of
any circuit which detects a difference in two voltage
levels and outputs a signal corresponding to this differ-
ence.

The dynamic operation of the circuit of FIG. 2 is as
follows. Given a steady state condition, a certain cur-
rent will flow through transistor Ql1, resistor R1, tran-
sistor Q2, and resistor R2 to ground, assuming diode D1
is controlled to be off by a low signal applied to terminal
26. For the below discussion, it will also be assumed
that diode D2 is turned on by a high voltage being
applied to terminal 28 so as to turn transistor Q3 off.

A certain voltage is applied to the common control
terminals of both transistors Q2 and QS5 during this
steady state condition, so that, ideally, the currents

" flowing through transistors Q1, Q2, Q4 and Q5 are
identical. .

If a changed condition causes the output voltage at
node B to be raised, this will change the source-to-sub-
strate voltage of depletion mode transistor Q1, and, due
to the voltage dependent behavior of transistor Q1, the
current through transistor Q1 will be reduced. There-
fore, without any compensation circuit, the current
flowing through transistor Q1 will not be the same as
the current flowing through transistor Q4, and, conse-
quently, the current through transistor Q1 will not
match the current through transistor Q2.

Differential amplifier 22 acts as a compensation
means to match the currents through transistors Q1 and
Q4 by comparing the difference in voltages at nodes A
and B and outputting a voltage corresponding to this
difference. This output, assuming the voltage at node B
is greater than that at node A, then lowers the voitage
applied to the gates of transistors Q2 and Q5 until the
voltage at node A equals that of node B..

Thus, the operating conditions of all the transistors in
the current mirror circuit of FIG. 2 are now identical,
and hence, transistors Q1, Q2, Q4, and Q5 will now
generate matching currents.

In the particular current mirror circuit configuration
of FIG. 2, filter 30 acts to delay any change in the volt-
age at node B during this compensation, or otherwise
any change in the voltage at node C would instanta-
neously change the voltage at node B, and oscillations
may occur. Thus, filter 30 must have characteristics
sufficient to delay any change in the voltage on node B
until compensation has been achieved.

In another embodiment, the output current load is not
directly connected to the current mirror output portion
so that an adjustment of the current through the current
mirror output portion by the compensation circuit does
not affect the operating environment of the output cur-
rent load. Therefore, in this case, a filter may not be
needed.

It will be understood by those skilled in the art that
any of a number of means for detecting an output volt-
age of a current mirror and providing the compensation
which has been described above may be used in place of
differential amplifier 22.

FIG. 3 illustrates one embodiment of a current mirror
compensation circuit which may be used in a current
mirror similar to that shown in FIG. 2.

In FIG. 3, a programming portion of the current
mirror comprises transistor Q4, resistor R4, transistor
QS5, and resistor R5, generally corresponding to the
identically named components in FIG. 2. An output
portion of the current mirror comprises transistors Q2
and Q3, and resistors R2 and R3. The operation of these
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4
components is similar to that described in FIG. 2. Tran-
sistors Q2 and Q3 are switchably controlled by control
signals applied to the anodes of diodes D1 and D2.

In FIG. 3, as in FIG. 2, a current output is provided
at node B to a low pass filter/load 32 for preventing
rapid changes in the voltage at node B.

As seen in FIG. 3, the voltage at node B is coupled to
an input of compensation circuit 34, which, in the em-
bodiment of FIG. 3, is a differential amplifier for com-
paring the difference in voltages at nodes A and B.

The differential output of differential amplifier 34 is
applied to a differential-to-single-ended conversion cir-
cuit 38. Circuit 38 then applies a single-ended signal
based on the output of differential amplifier 34 to node
C for controlling the current flow through current
mirror transistors Q2, Q3, and Q5.

Hence, the circuitry of FIG. 3 operates similar to the
circuitry shown in FIG. 2 and is constructed using
circuit techniques well known to those of ordinary skill
in the art.

As would be obvious to one of ordinary skill in the art
after reading this disclosure, differential amplifier 34
and circuit 38 may be replaced by a variety of circuits
which produce a voltage dependent upon a comparison
of two input voltages.

-The output current load comprising transistor Q1 and
resistor R1 in FIGS. 2 and 3 may be any current load
circuit, such as those shown in FIG. 4. If an alternative

“current load circuit was used in FIGS. 2 and 3, transis-

tors Q4 and R4, forming part of the current mirror
programming portion, would be replaced with a circuit
identical to the output current load used.

Thus, a compensation circuit has been disclosed
herein which when used in a current matching circuit,
such as a current mirror circuit, allows the current
mirror output to track the voltage dependent current
characteristics of a current load it is intended to match.

While particular embodiments of the present inven-
tion have been shown and described, it will be obvious
to those skilled in the art that changes and modifications
may be made without departing from this invention in
its broader aspects and, therefore, the appended claims
are to encompass within their scope all such changes
and modifications as fall within the true spirit and scope
of this invention.

What is claimed is:

1. A compensation circuit connected in a current
matching circuit, said current matching circuit includ-
ing a current mirror programming portion, a current
mirror output portion, and a current load output por-
tion, said compensation circuit comprising:

a means for comparing a voltage at a first node of said
current load output portion with a corresponding
second node of said current mirror programming
portion;

said means for comparing having an output terminal
coupled to said current mirror programming por-
tion and said current mirror output portion to con-
trol a first current through said current mirror
output portion to match a second current through
said current load output portion.

2. The compensation circuit of claim 1 wherein said
means for comparing adjusts a voltage at said second
node to be equal to a voltage at said first node.

3. The compensation circuit of claim 2 wherein said
current mirror programming portion includes a first
current load substantially identical to said current load
output portion.
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4. The compensation circuit of claim 3 wherein said
first current load comprises a first transistor having a
first current handling terminal coupled to a substantially
fixed voltage, a second current handling terminal cou-
pled to said second node, and a gate coupled to said
second node.

§. The compensation circuit of claim 4 wherein said
first current load and said current load output portion
contain one or more GaAs transistors.

6. The compensation circuit of claim 4 wherein said
gate is directly coupled to said second node and said
second current handling terminal is coupled to said
second node through a resistor.
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7. The compensation circuit of claim 2 wherein said
means for comparing is a differential amplifier having
an output terminal connected to a common gate termi-
nal of a first current load transistor in said current mir-
ror programming portion and a second current load
transistor in said current mirror output portion.

8. The compensation circuit of claim 1 wherein a low
pass filter is connected to an output terminal of said
current mirror matching circuit to allow said voltage at
said second node to be controlled by said compensation
circuit while said voltage at said first node is held sub-

stantially constant.
* *» * * %



